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(54) Title: CELLULOSE SPONGES 
(57) Abstract 

A cellulose sponge is disclosed, which is formed from coagulated cellulose solution having a mean degree of polymerisation (DP) 
which does not exceed 800. Preferably, the DP lies in the range 450-600. The sponge may be reinforced by discontinuous fibres, preferably 
of cellulose and may be treated with a wetting agent or softener. The sponge may also contain one or more surfactants. Water retention 
may be improved by partial etherification. Also disclosed is a method of manufacture of a cellulose sponge from a solution of cellulose in 
an amine oxide solvent. Dispersed throughout the solution is an additive (such as a water soluble inorganic salt or a water soluble organic 
material) which provides sites for the formation of cells within the cellulose solution as it regenerates. A foaming agent or a blowing agent 
may be employed to assist in cell formation. Natural rubber latex may also be added in order to increase mechanical strength, and in some 
cases to increase absorbency. 



BMSDOCID. <WO_ S 828360 A > 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


US 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


. Tajikistan 


BE 


Belgium 


GN~ 


Guinea 


MK 


The former Yugoslav 


TM — 


—Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


!!U 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BK 


Brazil 


II. 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mex ico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZVV 


Zimbabwe 


CI 


Cdte d' I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lncia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







): <WO 9828360A1 J_> 



WO 98/28360 



PCT/GB97/03534 



- 1 - 
CELLULOSE SPONGES 

This invention relates to cellulose sponges and :o 
methods for the manufacture of cellulose sponges . 

It is well known to produce sponges from cellulose 
5 via the viscose or xanthate process. Such a method of 
making sponges is described in US-A-3 , 382 , 303 , and in 
EP-A-0, 670, 344 . 

However, the xanthate process for the manufacture of 
regenerated cellulose is being superseded by a process in 
10 which cellulose articles are formed from a solution of 
cellulose in an aqueous tertiary amine N-oxide solvent which 
is regenerated in an aqueous regeneration bath. Such a 
process is described in US-A-4 , 246 , 221 , the contents of 
which are hereby incorporated herein by way of reference. 

15 According to the present invention there is provided a 

cellulose sponge formed from coagulated cellulose solution, 
the cellulose having a mean degree of polymerisation which 
does not exceed 800. 

Preferably the degree of polymerisation is less than 
20 600, and preferably lies in the range 450-600. This 
provides optimum water retention whilst still maintaining 
acceptable physical properties for the sponge material . 

The sponge may be reinforced by discontinuous fibres, 
preferably cellulose fibres (for example lyocell, viscose or 
25 cotton fibres) , having lengths selected from a range of 1 to 
10mm. Lyocell fibres having an initial length of 8mm are 
particularly suitable, with the concentration of fibres 
being in the range 10-50% by weight, based on the weight of 
cellulose. 

30 Preferably the sponge is treated with a wetting agent 

or softener, such as polyethylene glycol (PEG) , preferably 
PEG 400 . 



BNSDOCID: <WO „ 9828360A1 I > 



SUBSTITUTE SHEET (RULE 26) 



WO 98/28360 



PCT/GB97/03534 



- 2 - 

Alternatively or additionally the sponge may include a 
surfactant or a mixture of surfactants, such as a coconut 
oil grafted with polyethylene glycol and lauric 
diethanolamide, the surfactant (or mixture) being added to 
5 the cellulose solution prior to coagulation. 

The water retention of the sponge may also be improved 
by partial etherif ication of che cellulose. Preferably the 
etherif icat ion is by way of either carboxymethylat ion or 
carboxyethylation . 

10 Also according to the invention there is provided a 

method of manufacture of a cellulose sponge in which a 
solution of cellulose in an amine oxide solvent is mixed 
with at least one additive which is dispersed throughout the 
solution prior to regeneration thereof, the additive 

15 providing sites for the formation of cells within the 
cellulose solution as it regenerates, wherein the degree of 
polymerisation of the cellulose in solution does not exceed 
about 8 00. 

Preferably the degree of polymerisation, is in the range 
20 450-600. 

Preferably the additive is a water soluble material 
that can be washed out of the cellulose solution as it 
regenerates. The additive can be a water soluble inorganic 
salt, such as sodium chloride or sodium sulphite. In 

25 particular, with sodium chloride, the quantity of additive 
can be up to 80 times by~~ weightT based on the" cfelTurose ~ih^ 
solution. Alternatively, the additive can be a water 

soluble organic material which is not soluble in the 
cellulose solution, such as polyethylene glycol (PEG) . The 

3 0 soluble organic material may have a molecular weight in the 
range 1000-4000, preferably in the range 1500-3500, and may 
be used in quantities of 700%-2000% based on the weight of 
cellulose . 
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The cellulose solution may be caused to foam by the use 
of a chemically activated foaming agent, for example sodium 
bicarbonate, which may be mixed into the cellulose solution 
immediately prior to regeneration in amounts in the range 
5 50%-500% by weight of cellulose, preferably about 100% to 
120% by weight of cellulose. 

Citric acid may be added directly to the dope, 
preferably in an amount in the range 100% -120%, by weight of 
cellulose. The cellulose dope may be * regenerated in an 
10 aqueous citric acid solution. 

The bicarbonate can be activated in a regeneration bath 
by the use of 10% by weight of citric acid in solution in 
the aqueous regeneration bath. 

Preferably the bath has a temperature of 40-50°C. 

15 A further alternative is the use of a physical blowing 

agent, such as a gas or volatile liquid, which can be mixed 
into the cellulose solution under pressure, say in an 
extruder, and which expands as the solution exits the 
extruder . 

20 Preferably, whilst still wet or in a never dried 

condition, the cellulose sponge is placed in a solution of 
a wetting agent, preferably 20% PEG 400, to improve its 
water retention properties after drying. 

Alternatively, whilst still in the wet or never-dried 
25 condition, the water retention properties can be improved by 
boiling the cellulose sponge in a solution of sodium 
chloride, initially a 10% solution, for 30 minutes and then 
washing . 

The tensile properties of the sponge may be improved by 
30 immersing the never-dried sponge in an aqueous emulsion of 
natural rubber latex and then drying the impregnated sponge. 
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The water retention properties of the sponge may be 
further improved by etherif ication of the cellulose, 
preferably by carboxymethylation . The cellulose pulp is 
subjected to etherif ication up to a maximum substitution of 
5 0.3% before being dissolved in the amine oxide solvent, and 
then being subjected to the foaming process. 

The invention will hereinafter be described in more 
detail by way of example only, with reference to the 
following practical examples and tests. 

10 Preparation of Cellulose Solution 

Cellulose solutions were prepared in 200 g batches, 
starting from a mixed solvent comprising 80% by weight N- 
methyl-morpholene-N-oxide (NMMO) and 20% by weight water. 
The solvent and a desired amount of cellulose pulp were 
15 subjected to 10" 2 mbar (lN.m" 2 ) vacuum and heated to 90°C to. 
95 °C to remove water, so that the solution comprised a 
desired percentage of cellulose in a mixed solvent 
comprising approximately 85% by weight NMMO and 15% by 
weight of water. 

20 The mixture was stirred every half hour until no pulp 

fibre was observed through a lOOx optical microscope. 

Porosity promoters or foaming agents and reinforcing 
fibres . were added to the cellulose solution immediately 
prior to casting or extrusion. With the cellulose solution 
25 at about 85°C-95°C, the fibres and ad^tive~were ^nTixed Tn~by~ 
hand using a spatula and stirring until a homogeneous 
mix-ture was obtained. 

Regeneration 

Each cellulose solution was cast onto a temperature 
30 conditioned glass plate to a thickness of l mm. The glass 
plate was then immersed in a regeneration bath containing 
water at a desired temperature for several hours. The 
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content of the bath was changed regularly to avoid the build 
up of materials leached into the water. 

The regenerated cellulose sponge samples were of 
varying thickness . 

5 Reinforcing Fibre 

The reinforcing fibres comprised cotton (2mm) , viscose 
(5mm) and lyocell (10mm) . (The fibre lengths are the 
lengths prior to milling.) The fibres were milled at the 
fastest speed setting on a Kenwood blender model BL360 for 
10 at least one minute until a fluffy pulp was obtained. 

Foaming Additives 

A number of different additives were added to the 
cellulose solutions. The additives essentially comprise:- 

(a) additives that could be leached out of the regenerating 
15 cellulose to produce a cellular structure. These were 

essentially (i) inorganic salts having a high 
solubility in water, and which are solid at about 85- 
90 °C, such as sodium chloride and sodium sulphite, and 
(ii) organic solids which are insoluble in the 
20 cellulose solution at 85-90°C, e.g. polyethylene 

glycols (PEG) such as PEG 1500 and PEG 3500, (which 
have average molecular weights of 1500 and 3500 
respectively) ; 

(b) Chemical blowing agents which can be activated at about 
25 20-50°C, for example sodium bicarbonate, which is 

activated by the addition of 10% by weight citric acid 
to the regeneration bath water held at a selected 
temperature . 
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Water Holding Capacity 

The water holding capacity of the sponge materials was 
measured as follows :- 

Residue water was removed from the regenerated samples 
5 by contact with tissue whilst taking care not to squeeze the 
sponge. The sample was weighed wet and then left to dry at 
ambient temperature for several days until a constant weight 
was obtained- Alternatively the samples may be dried at 
95°C until a constant weight is obtained- The difference 
10 between- the wet and dry sample weights divided by the dry 
sample weight indicates the percentage water content of a 
never-dried sample . 

Following drying, the sponges were immersed in water 
for at least 24 hours, and preferably for two days, and then 
15 weighed as before. The difference between the wet sample 
weight and the dry mass of the sponge, divided by the dry 
weight indicates the percentage water content on rewetting. 

Softening or Wetting Agents 

A selection of samples of cellulose sponge were soaked 
20 for 24 hours in 20% solution of PEG 400 in water and then 
dried at room temperature and rewetted. Their subsequent 
water retention capacities were compared with those of 
never-dried sponges and of dried sponges without the PEG 400 
treatment . . . ... 



25 The invention will now be illustrated by way of 

example, with reference to the Examples given below. 

The effect of regeneration temperature and degree of 
polymerisation is shown below in Table A. 
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TABLE A 





Pulp 


Bach 
Temp. °C 


% Water 
never dried 


% Water 
dried-rewet 




A 


B 


B/A 


A-l 


13% LV 


20 


14 9 


60 


0.4 


A- 2 


13% LV 


20 


197 


56 


0 .28 


A-3 


13% LV 


120 


406 


124 


0.31 


A-4 


10%LV/HV 


50 


411 


116 


0.28 


A-5 


10%LV/HV 


50 


619 


108 


0. 17 


A-6 


7% LV/HV 


20 


921 


207 


0.22 


A- 7 


7% LV 


20 


1009 


110 


0.11 


A-8 


7% LV 


50 


1205 


136 


0.11 



15 LV = cellulose having a mean Degree of Polymerisation 
(DP) of about 485 
LV/HV = cellulose having a mean Degree of Polymerisation 
of 600 

Note Sample 3 was regenerated in steam. 

20 From the Examples in Table 'A' it can be seen that as 

the regeneration bath temperature is increased to 50°C, the 
porosity of the cellulose increases (see samples A-l and A-2 
compared with sample A- 3, and sample A-8 compared with 
samples A-6 and A- 7) . 

25 Furthermore, as the concentration of cellulose in the 

solution decreases, the porosity increases (see samples A-l 
and A-7) , and as the degree of polymerisation decreases the 
capacity for water retention of the cellulose increases. 
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The Formation of Sponges using Leaching Techniques 

Further cellulose sponge samples were produced and 
tested, as showin in Table B below: 

TABLE B 



Examples 


Pulp 


Bath 


Additive 


Lyocell 


% Water 


O, 

a 








Temp °C 




Reinforce- 


never 


Water 












ment 


dried 


dried 
















rewec 


B - 


1 


5% LV/HV 


50 


420% NMMO 


56% 


870 


66 


B - 


2 


10% LV 


50 


1000%Na : SO, 




995 


127 


B - 


3 


7% LV/HV 


50 


1500% NaCl 




1470 




3 - 


3a 


6% LV/HV 


20 


8000% NaCl 




2080 


800 


B - 


- 4 


5% LV/HV 


50 


700% PEG 


28% 


718 


124 


B - 


- 5 


5% LV/HV 


50 


1400% PEG 


28% 


940 


183 


3 - 


- 6 


5% LV/HV 


50 


1400% PEG 




1040 


140 


B - 


- 7 


7% LV/HV 


25 


1500% PEG 




1270 


220 


B - 


- 8 


5% LV/HV 


40 


1500% PEG 


50% 


1660 


242 


B - 


- 9 


2% LV/HV 


50 


1750% PEG 




1820 


257 



If a sponge is arbitrarily defined. as a porous material 
which can hold approximately 1000% or more of its weight of 

20 water then it can be seen from samples B-2 or B-3 that 
sponges can be formed using inorganic salts. It was 
observed that the cellulose solution tended to dry on 
addition of huge amounts of inorganic salts. In particular, 
the mixture of cellulose dope with sodium chloride in 

25 Example 3a produced a dough formed in a ^ cm thick slab 
which was regenerated in cold water (at room temperature of 

— — about— 2-0-2.C) fbr_3_hours_. Hot water , e.g . 50°C,' was found 

to be unsuitable. For complete regeneration and leaching 
out of the sodium chloride the microporous sponge was boiled 

3 0 in hot water for about 1 hour. The resultant sponge had 
high water retention. 

All PEG samples were made using 1500 mw PEG except for 
B-5, where 3500 mw PEG was used. It was observed that the 
greater the volume of PEG added in the cellulose solution, 
3 5 the greater the void volume generated in the sponge. 
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It was found that the upper limit of PEG that could be 
added to the cellulose solution was about 1800% by weight 
with fibre reinforcement present. The reduction in the 
cellulose content of the solution aided the inclusion of zhe 
5 larger volumes of PEG. The lower molecular weight PEG is 
more effective at creating pores than the high molecular 
weight PEG (see B-5 and B-6) . 

The preferred sample B-9 was able to retain a 
significant amount of water, up to approximately 1800%, in 
10 the never-dried state. 

The Use of Bicarbonate Foaming Agents 
Table C below illustrates the results of tests of 
further cellulose sponges, manufactured using a bicarbonate 
foaming agent : 

TABLE C 



Example 


Pulp 


Batn 


Bicaro 


Reinrorcer 


"o 






Temp . 


-onace 




Water 


Water 






°C 


% 




never 
dried 


dried- 
rewet 












A 




C-l 


13% LV 


50 


100 




615 


i ~ - 


C-2 


13% LV 


50 


20C 




677 


12 £. 


C- 3 


10% LV 


2C 


100 




660 




C-4 


10% LV 


50 


100 




731 


122 


C-5 


7% LV/HV 


20 


100 




820 


63 


C-6 


7% LV/HV 


50 


100 


28% cotton 


830 


134 


C-7 


7% LV/HV 


20 


100 


28% viscose 


930 


206 


c-s 


7% LV/HV 


20 


100 


28% cotton 


1000 


138 


C-9 


3% LV/HV 


50 


117 


210% lyocell 


1100 


200 


C-10 


3% LV/HV 


50 


47 


117% lyocell 


1150 


103 


C-ll 


7% LV 


20 


100 




1156 


133 


. C- 12 


7% LV/HV 


50 


100 




1170 




! C-13 


3% LV/HV 


50 


70 


117% lyocell 


1250 


176 


C-14 


7% LV 


50 


100 




1282 


156 


C-15 


7% LV/HV 


50 


100 


28% viscose 


1380 


91 


C-16 


3% LV/HV 


50 


117 


117% lyocell 


1460 


214 


C-17 


7% LV 


50 


100 




1609 


270 


C-18 


3% LV/HV 


30 


466 


70% lyocell 


2200 


120 


C- 19 


3% LV/HV 


50 


117 


47% lyocell 


2289 


133 


C-20 


10% LV/HV 


40 


200 


20% lyocell 


1215 


329 
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Generally, the more bicarbonate added to the cellulose 
solution the greater the water retention, up to an addition 
of about 120% by weight of cellulose (C-10, C-13, C-16). 
Above about 120% the cellulose foam structure tended tc 
5 cdliapse- A regeneration bath temperacure of about 50 °C was 
found to be beneficial. 

The greater void volumes are produced when the 
bicarbonate is used in combination with reinforcing fibres 
(see C-5, C-7 and C-8) . 

10 Good porosity of the sponge depends on a balance being 

struck between the cellulose content of the solution, the 
reinforcing fibre content, and the amount of bicarbonate 
present. For example, the presence cf excess fibres hinders 
the foaming process. Sample C-19 produced optimum porosity 

15 with a relatively small amount cf both bicarbonate and 
reinforcing fibres. The higher the cellulose content in 
solution the better the percentage water retention on 
rewetting . 

Water Softener or Wetting Agent Application 

20 Various samples from Tables B and C were tested for the 

effect of a 20% PEG wash upon "their water retention 
properties, and the results are set out in Table D below.- 



TABLE D 



— Example 


% -Wat er 

Never-dried 


-%- -Wacer Dried-- 
Rewecced 
(20% PEG wash) 


~-i wacer 
— Dried- re wee — 
Wichouc PEG 


B-l 


870 


520 (60%) 


65 (7%) 


B-6 


1040 


690 (66%) 


140 (13%) 


B-7 


1270 


1040 (82%) 


220 (17%) 


B-9 


1820 


1650 (91%) 


255 (14%) 


C-13 


1250 


1060 (85%) 


175 (14%) 


C-16 


1460 


940 (64%) 


215 (15%) 


C-19 


2290 


1515 (66%) 


185 (8%) 
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(The figures in brackens denote the percentage water 
content of the never dried product) . 

The subsequent water retention capacities of the 
sponges treated within PEG were found to be greatly 
5 increased compared with the dried- rewet capacities of the 
original sponges. However, the effect of the wetting agent 
was observed to deteriorate with subsequent washing. 

Etherif ication 

The cellulose was partially derivatised to give 
10 partial Carboxymethyl Cellulose (CMC) substitution. 

Method of Carboxvmethvlat ion 

Blended LV and HV Viscokraft pulps with a mean DP of 
600 were treated with a solution of sodium hydroxide and 
stirred for 40 minutes to form the 'alkceii' . To this, a 

15 solution of sodium monochloroacetate (SMCA) in water was 
added. Low substitution levels were obtained by slowing the 
reaction rate by jacketing the reaction vessel with iced 
water. After a time samples were neutralised with very- 
dilute hydrochloric acid. Water was used for washing, being 

2 c removed by wringing the samples in a muslin sheet. The dry 
samples were submitted for a sulphate ash test to determine 
the degree of substitution (DS) . Conditions for obtaining 
a particular DS are tabulated in the Table E below for 
reactions on 50g of LV/HV pulp. 

25 TABLE E. Carboxvme thvlation Reaction Conditions 



CMC DS 


Time (mins) 


Temo. °C 


% NaOH cm 3 


% SMCA cm : 


0 .016 


40 


5 


30 250 


30 250 


0.021 


60 


5 


20 250 


20 250 


0.035 


120 


5 


30 250 


30 250 


0 .046 


180 


5 


30 250 


30 250 


0 .059 


2 


110 


50 250 


50 250 


0.136 


10 


110 


saturated 250 


saturated 250 


0 .214 


20 


110 


saturated 250 


saturated 250 


0.295 I 30 


110 


saturated 250 


saturated 250 
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Formation of CMC Sponges 

7% cellulose solutions or dopes were prepared, using 
the above carboxymethylated samples, in the manner 
previously discussed on page 4. 

5 The cellulose dope at 95 °C was then mixed with 100% 

citric acid (based on weight of cellulose) and allowed to 
stand for 5 minutes. It has been found that the addition of 
citric acid to the dope improves the water retention of the 
sponges. 100% sodium bicarbonate and 28% by weight of 

10 viscose fibres were then added to the dope which was allowed 
to rest for a further 5 minutes. The activated dope was 
then cast onto a glass surface to form a sponge pad after 
regeneration. The sponges were formed by regeneration in 10% 
aqueous citric acid solution at 50°C. This is very similar 

15 to sample C-15 . 

The water retention properties of the CMC sponges are 
given in Table F. 



TABLE F . Sponges from Carboxvlated Cellulose 



SAMPLE 


Degree of 
Substitution by 
Carboxymethyi 


% Water 
* never - 
dried' 
A 


% Water 
dried- 
rewetted 
B 


% v Never- 

dried' 
recovered 
B/A 


F-l 


0 . 016 


1800 


320 


18 


F-2 


0.021 


1460 


270 


19 


F-3 


0 . 035 


1600 


310 


19 


F-4 


0 . 046 


2050 


450 


22 


F~5- -■■ 


0 . 05 9 


-2-370 


400 


-17 


F-6 


0 . 136 


2480 


635 


26 


F-7 


0 .214 


2765 


580 


21 


F-8 


0 .295 


2450 


560 


23 



It can be seen that as more cellulose hydroxyl groups 
are substituted by carboxymethyi groups, up to substitution 
levels of 0.136/0.214, the water retention capacity increases 
of both the never-dried and dried sponge. 
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Substitution levels beyond 0.136 gave no further 
improvement to the water capacity of dried sponges. 

Post Regeneration Treatment with Latex 

Sponges made according to Sample F-6 were allowed to 
5 dry to around 500% water content. They were then immersed 
in solutions of between 0.1 and 4% natural latex in water. 
With no further washing the sponges were dried completely in 
an oven at 95°C. 

The latex coated sponges were tested for water 
10 retention and the results are given in Table G below:- 



TABLE G. Latex-coated Sponges 



% Latex on Sponge 


% Water Dried- 
rewetted 


0 


635 


0 . 11 


560 


0.29 


597 


0 . 36 


605 


0 .46 


686 


0 . 55 


702 


0.88 


483 


1 . 4 


304 



Natural rubber latex solution applied to a formed 
sponge is dried using heat such that it coalesces into a 
flexible and resilient film on the cellulose surface. Latex 
has a strong affinity for hydrophilic surfaces and the low 
25 viscosity of solutions allows penetration into the thick 
sponge structures. Since latex does not become brittle or 
shrink even in dry environments, it helps maintain sponge 
porosity . 

Latex was applied to the partially dried sponges (-500% 
30 water) so that they swelled. Latex solutions of between 0.6 
and 8% solids concentration were used. The weight of latex 
absorbed by the sponges was observed to be approximately one 
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fifth of the latex bath concentration, eg a bath of 2.4% 
solids gave a sponge with 0.55% latex by weight of cellulose. 

The greater the level of latex deposited in the sponge, 
from 0.11 to 0.55%, the greater is the sponge capacity for 
5 water after drying, up to about 700%. However the presence 
of latex at concentrations below 0.3 5% is detrimental in 
comparison to the sponge with no latex applied. Improvement 
in the sponge by applying 0.55% latex is only -10%. Increasing 
further the concentration of latex applied creates a poor 
10 never-dried product. 

By using latex a small increase in absorbency may be 
achieved, but real advantages are likely to be increased 
mechanical strengths and wear resistance. 

Post - regeneration Treatment with Sodium Chloride 

15 Never-dried sponges made as for samples F-3, F-4, F-7 

and F-8 were immersed in a solution of sodium chloride (10%) 
and boiled for 3 0 minutes. The rate of evaporation was such 
that the salt eventually saturated the solution such that 
solid sodium chloride was visible. Without washing the sponge 

20 further it was dried at 95°C. The sample was weighed, then 
washed thoroughly to remove the residual salt . 

Samples impregnated with salt were subjected to two 
drying/washing cycles. The first cycle was used to measure 
the amount of salt absorbed and the second wash to remove the 
25 residual salt before dryrng^gaTiTr~Tliis~ se"cohd"cycle"was~used~ 
to generate the x dried-rewetting ' figure. 

The water retention of the salt-treated samples was 
then measured and the results are given in Table H below. 
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TABLE H. Salt Treated Sponges 





% Water 
* never- 
dried' 
A 


% Water 
dr ied- 
rewetted 
B 


% Never- 

dried 
recovere 
d 

B/A 


% Salz 
at ce: 
1st dry 


CMC 0.046DS boiled 


2050 


470 


23 


0 


0.C35DS boil in NaCl 


1645 


860 


52 


200 


0.046DS boil in NaCl 


2150 


1051 


50 


200 


0.214DS boil in NaCl 


2765 


1120 


40 


150 


0.295DS boil in NaCl 


2450 


810 


33 


150 



After boiling in saturated salt solution the sponges 
changed very little in appearance and volume through -he 
drying and rewetcing cycles. They maintained up to 52% of 
their never-dried capacity for water, and in two cases gave 
15 over 1000% water on dried- rewetted cellulose. 

Addition of Oils and Fatty Acids to the Cellulose Dope 

Laurie diethanolamine {15% by weight of cellulose) and 
coconut oil with a grafted polyethylene glycol 600 (50% by 
weight of cellulose) were stirred into a 7% LV/HV cellulose 
20 dope similar to sample C-15 at 95°C. The dope was then 
treated with sodium bicarbonate as described above in relation 
to the manufacture of CMC sponges. 

The resulting sample was compared with a similar sample 
dope prepared without any additive present. 

25 Long chain additives are entrapped into the cellulose 

structure giving a permanent disrupting effect between 
cellulose chains. The treated sponge was not particularly 
porous, holding only 1215% its weight of water, as compared 
with about 1700% for the untreated sample. The water 

30 absorption is possibly hindered by the waxy nature of the 
additives. The treated sponge had improved absorbency after 
drying, retaining 27% of the 1 never-dried * capacity (324% 
water); as compared with 17% for the untreated sample. 
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CLAIMS 

1. A cellulose sponge formed from coagulated cellulose 
solution, the cellulose having a mean degree of polymerisation 
(DP) which does not exceed 800. 

5 2 . A sponge as claimed in claim 1 wherein the mean DP 

is less than 600. 

3 . A sponge as claimed in claim 1 or claim 2 wherein 
the cellulose has undergone etherif icat ion with a maximum 
degree of substitution of 0.36%. 

10 4. A sponge as claimed in claim 3 wherein the 

cellulose sponge has undergone carboxymethylat ion . 

5. A sponge as claimed in any one of claims 1 to 4, 
further including up to 0.6% by weight of natural rubber latex 
dispersed throughout the sponge. 

15 6. A sponge as claimed in any one of claims 1 to 5, 

further including a fibre reinforcement. 

7 . A sponge as claimed in claim 6 wherein the fibre 
reinforcement is provided by lyocell fibres. 

8 . A sponge as claimed in claim 6 or claim 7 wherein 
20 the reinforcing fibre content does not exceed 50% by weight 

of the cellulose. 



9. A sponge as claimed in any one of claims 1 to 8 , 
further including a surfactant and/or wetting agent. 

10. A sponge as claimed in claim 9, further including 
25a wetting agent additive comprising polyethylene glycol or a 

substituted polyethylene glycol. 
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11. A cellulose sponge comprising cellulose which has 
undergone etherif ication with a maximum degree of substitution 
of 0.3%. 

12 . A method of manufacture of a cellulose sponge in 
5 which a solution of cellulose in an amine oxide solvent is 

mixed with at least one additive which is dispersed throughout 
the solution prior to regeneration thereof, the additive 
providing sites for the formation of ceils within the 
cellulose solution as it is regenerated, wherein the degree 
10 of polymerisation of the cellulose in solution does net exceed 
about 8 00. 

13 . A method as claimed in claim 12 wherein said at 
least one additive is a water- soluble material which can be 
leached out of the cellulose solution in an aqueous 

15 regeneration bath. 

14. A method as claimed in claim 13 wherein the water- 
soluble material is a hydrated inorganic solid. 

15. A method as claimed in claim 14 wherein the 
inorganic salt comprises sodium chloride added in an amount 

20 of up to 80 times by weight on cellulose to form a dough which 
is subsequently regenerated in water at about 20°C. 

16. A method as claimed in claim 13 wherein the soluble 
material is a polyethylene glycol (PEG) . 

17. A method as claimed in claim 16 wherein the PEG has 
25 a molecular weight of between 1500 and 3500. 

18. A method as claimed in claim 17 wherein the 
maximum weight of PEG added to the cellulose solution is about 
1800% by weight of cellulose. 

19. A method as claimed in claim 12 wherein said 
30 additive is a chemically reactive agent which is activated by 

heat or by the regeneration bath. 
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20. A method as claimed in claim 19 wherein the 
additive is a bicarbonate which is activated by the presence 
of acid within the dope and/or the regeneration bath. 

21. A method as claimed in claim 19 or claim 20 
5 wherein the additive comprises a mixture of sodium bicarbonate 

and citric acid. 

22. A method as claimed in claim 20 or claim 21 wherein 
the regeneration bath includes citric acid in solution. 

23 . A method as claimed in claim 12 wherein the 
10 additive is a fluid which is mixed into the solution under 
pressure and which volatises or expands on the release of 
pressure in the regeneration bath to form a sponge. 

24. A method as claimed in claim 23 wherein the fluid 
is an organic liquid. 

15 25. A method as claimed in any one of claims 12 to 24 

in which reinforcing fibres are added to the solution. 

26. A method as claimed in any one of claims 12 to 25 
wherein a fatty acid compound is added to the dope prior to 
regeneration . 

20 27. A method as claimed in any one of claims 16 to 26 

wherein the never-dried sponge after regeneration * is boiled 
in a saturated solution of sodium chloride, and washed. 



28. A method as claimed in any one of claims 12 to 27 
wherein the never-dried sponge is immersed after regeneration 

25 in an aqueous emulsion of natural latex, and dried. 

29. A method as claimed in any one of claims 12 to 28 
in which a polyethylene glycol softener is applied to the 
cellulose sponge after regeneration but prior to drying. 
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30. A method, of manufacture as claimed in any one of 
claims 12 to 29 . wherein the cellulose is subjected to 
etherif ication with a maximum substitution of 0.3% before 
being dissolved in the amine oxide solvent. 

5 31. A method of manufacture of a cellulose sponge in 

which a solution of cellulose in amine oxide is mixed with at 
least one additive which is dispersed throughout the solution 
prior to regeneration thereof and which provides sites for the 
formation of cells within the cellulose solution as it is 
10 regenerated, wherein the cellulose is subjected to 
etherif ication with a maximum substitution of 0.3% before 
being dissolved in the amine oxide solvent. 

32. A method of etherif ication of cellulose solution 
in an amine oxide solvent wherein the cellulose pulp undergoes 

15 etherif ication with a maximum substitution of 0.3% before 
being dissolved in the amine oxide solvent. 

33. A method of manufacture of a cellulose moulding in 
which the cellulose has been subjected to etherif ication by 
a method as claimed in claim 32. 
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